Abstract Multidimensional assessment of air pollution was carried out on trace metals in particulates, desert plant parts and soil collected from the six sites to validate air pollution tolerance index, translocation and bioaccumulation factors. A map indicating the sampled sites was superimposed on the Disper 5.2 software graphical interface to track the particulate dispersion route during the summer and winter seasons. This study showed site-wise orientation of particulates dispersed in the ambient air. Observations indicated the high concentrations of dispersed coarse [ fine [ ultra-fine particulates in trace metals analyzed from selected desert plants and in the soil especially during winter than in the summer seasons. High air pollution tolerance index was observed in the sequence of Calatropis gigantean [ Portulaca oleracea [ Citrullus collocynthis [ Rumex vesicarius [ Bienertia sinuspersici [ Tribulus terrestris. Assessment of translocation and bioaccumulation factors labeled these desert plants as hyper-accumulators. The synergistic effect of the translocation and bioaccumulation factor in the various plants and the pollution levels for a given geographical location provides insight management to mitigate air pollution and landscape designers to grow tolerant species and protect sensitive plants from air pollution.
Introduction
The primary producer, an integral source for all ecosystems, is susceptible to airborne pollution. The main parts of these producers are their leaves. They are the most abundant and primary receptors of air pollutants. Ninave et al. (2001) , Fismes et al. (2002) , Liu and Ding (2008) and Jyothi and Jaya (2010) assessed the concentrations of inorganic and organic constituents in the plant parts and correlated the absorption of pollutants from air, soil, water and anthropogenic sources. Ukpebor et al. (2010) labeled plants as active or passive bio-monitors based on the trace metal deposition from such sources. Plants tend to sequester trace metals through the shoot and roots. Conti et al. (2004) observed variations of trace metal accumulation in plants because of age, health status, the availability of trace metals, types of reproduction, temperature, moisture and substratum characteristics. Their concentrations were correlated with the surrounding soil. Trace metals were found to absorb by plants from the air and sequester to secondary consumers. Virtually, a uniform distribution of trace metal transfer was observed in the arid ecosystem during dust storm or owing to the influence of heavy wind action (Wang et al. 2004; Youn-Joo 2004; Reinier et al. 2011) . Yoon et al. (2006) , Yu-Hong et al. (2010) , Cyren et al. (2011) and Takanori and Naoko (2012) quantified the concentrations of pollutants in the different plant parts and determined the translocation (TF) and bio-accumulation factors. Baker and Brooks (1989) classified TF \ 1, TF = 1 and TF [ 1 as plants with 'least,' 'moderate' and 'effective' translocation factors, respectively. Ma et al. (2001) labeled plants with bioaccumulation factor BAF [ 1, BAF = 1 and BAF \ 1 as hyper-accumulators, accumulator and trace metals excluder, respectively. Dohmen et al. (1990) revealed the physiological changes in plants exposed to air pollutants before exhibiting visible damages to plant leaves. Joshi and Swami (2007) , Cheng et al. (2007) and Seyyednejad et al. (2011) validated the tolerance levels of the plant species using the air pollution tolerance index (APTI). Seyyednejad and Koochak (2013) categorized plants with APTI \ 10, [10 and [17 as sensitive, tolerant and highly tolerant species to particulate matter. These studies indicated the stress on plants due to the particulate deposition from the ambient atmosphere. Kuwait's geography is discerned by high windswept sand and dust, long, hot and dry summer, short and cold and winter with the scanty rain sometimes (Brown et al. 2008) . Investigators (Pasquill 1976; Keane et al. 2001; Bader AlAzmi et al. 2008; Reem et al. 2010 ) observed low photosynthetic activities and productivity of plants due to the frequent sand storms that dispersed coarse (PM 10 ), fine (PM 2.5 ) and ultra-fine particulates (PM 1.0 ) containing organic and inorganic pollutants, in addition to the dispersal of particulates from the oil industries and automobile emissions. Several studies in the past showed the effect of elemental concentrations in certain shrubs and trees (Brown et al. 2008; Reem et al. 2010; Bu-Olayan and Thomas 2014) . However, no evidences indicated the effect of particulate trajectories and their elemental constituent that deposited and absorbed by the desert plants. Furthermore, the effect of trace metals on selected ornamental and medicinal plants of importance, such as Portulaca oleracea, Citrullus colocynthis, Rumex vesicarius, Bienertia sinuspersici, Tribulus terrestris and Calatropis gigantean, was not investigated and hence the study. The dispersion route and the determination of trace metals in particulates from the ambient atmosphere serve as a potential tool to quantify the magnitude and distance of particulates dispersed for a given locality besides their role in abiotic and biotic components. This study also deduced the dependent factors of pollutant dispersion following the observations of Pasquill (1976) , Briggs (1979) , Press et al. (1986) such as meteorological variables (weather parameters, mixing height of pollutant dispersion), atmospheric turbulence characteristics (Pasquill stability, K values) , intensity of wind insolation during the day and night times), area source data (pollution emission rate, decay coefficient) and seasonal variations (summer and winter). The present study conducted during the years 2012-2014 with multidimensional approach focused: (a) the use of DISPER numerical simulation program (version 5.2: Canarina Environmental Software, Spain) to trace size-cut particulate (PM 10 , PM 2.5 , PM 1.0 ) trajectories, (b) the physiological stress to selected desert plants encompassing the six Kuwait Governorate sites using air pollution tolerance index (APTI), (c) translocation (TF) and the bioaccumulation factors (BAF) of trace metals in the desert plants, (d) to correlate the seasonal variations of trace metals concentrations in plants and in the soil and (e) to deduce the appropriate plants that could be used for mitigation purposes.
Materials and methods

Sampling sites
Six sites in Kuwait were chosen for the study (G1-G6: Fig. 1a ). These sites (G1-G6) house occupational diversity such as industries, agricultural farms, populated residential areas, desalination plants, commercial and recreational centers, oil fields and oil wells. Southeast of the G1 adjacent to G4 and G2 and southeast of G6 along the coastal side are also heavily polluted. Sites G2 to G5 and the northern part of the site G6 is densely populated, whereas the northern part of site G1 and the southern part of the site G6 are sparingly populated.
Meteorological data
Meteorological data such as temperature, wind speed, relative humidity and barometric pressure were recorded using Kestrel-4500 (Nielsen-Kellerman, USA) during the onset, peak and late summer (April-July-October) and winter (November-January-March) seasons, respectively.
Sample collection
An environmental particulate air monitoring system, EPAM-5000 (Haz Dust, USA) with nephelometric and gravimetric principles, measured the concentrations of the ambient atmospheric particulates (PM 10 , PM 2.5 and PM 1.0 ) from each site and surrounding the sampled desert plants. Three sampling sleeves, each to collect particulate sizes (PM 10 , PM 2.5 , PM 1.0 ), were consecutively fixed on a sampling head of the EPAM-5000 instrument, while sampling each site for assessing the real-time spatially dispersed particulate concentrations by nephelometric principles designed in this instrument. This instrument simultaneously measured the real-time spatially distributed and trapped particulates by impact filter (47mmFRM, Whatman, USA) from the sampling sites. The filters containing the particulates from each site were separately stored in sterile polystyrene bags for trace metals analysis.
During the years 2012-2014, desert plant parts (7776 numbers: six sites 9 six desert plants species 9 three parts-leaf, stem, root 9 three replicates each, for two times/month sampling in two seasons @ 3 months/ season 9 2 years) were collected (Fig. 1a) in sterile polyethylene labeled zipper bags (34 cm 9 30 cm 9 0.3 mm Fisher brand, USA). Species, namely Tribulus terrestris L., Rumex vesicarius L., Portulaca oleracea L., Citrullus colocynthis L., Bienertia sinuspersici L. and Calatropis gigantea L., were collected in a sterile bag, stored in a Thermo Cole box and transported to the laboratory. These plants were found to be of medicinal importance except the halophyte, B. sinuspersici L. These plants were observed to be on the verge of extinction because of urbanization and rapid industrialization and hence the study.
Following the earlier methods (Keane et al. 2001; Agbaire 2009; Abida and Harikrishna 2010) , the surface dust on the selected desert plant parts (ten replicates) was removed by rinsing it in deionized distilled water. Fresh plant leaves from each species was used to assess the chlorophyll content, relative water content, pH of leaf extract, ascorbic acid content and air pollution tolerance index (APTI). In sterile petri dishes, replicate samples of leaves, stem and roots from each species were cut into pieces and stored at -4°C in the deep freezer and thawed at room temperature for trace metals analysis (USEPA 1999; Abida and Harikrishna 2010) .
Using a soil auger, (15 00 L 9 3-1/4 00 diameter, AMS, Inc.), soil samples (3456 numbers: 50 g each) at 0.1 m depth from the surface at four equidistant points (10-15 cm) and away from the center of each surrounding desert plant (four points/plant 9 six plants/site 9 six sites 9 two times/month @ 3 months/season in two seasons 9 2 years) were collected, sieved in 1.0-mm mesh sieve and stored in sterile polyethylene containers following the earlier methodology (Zhuang et al. 2007 ).
Numerical simulation of particulates emission
The map of Kuwait indicating the sampling locations ( Fig. 1a-d) was superimposed with the corresponding coordinates present in the graphical interface of the DIS-PER-5.2 program. This program incorporated meteorological variables, concentrations of particulates and the characteristic features of the sampling location that was recorded by Kestrel-4500, EPAM-5000 and ICP-MS instruments besides the physical measurements of the sampled sites to obtain the direction and intensity of particulates dispersed in the ambient environment.
DISPER-5.2 program (Canaria, Spain) software with graphical user interface creates robust numerical simulations. A combination of Gaussian Plume, Briggs stability, decay coefficient and algorithm dispersion model (Pasquill 1976; Briggs 1979; Press et al. 1986 ; USEPA 1999) was used to study the determinants of nonpoint sources that simulated the effects of fugitive emissions and represented by small and many intervals from which the total particulate concentrations were calculated.
Chlorophyll pigment extraction
The desert plant's leaves were washed in deionized distilled water and cut into small pieces. Following the earlier method (Abida and Harikrishna 2010) , fresh desert plant leaves at random from each species (100 mg) was homogenized and the chlorophyll pigment was measured in the UV-visible spectrophotometer (Milton Roy Spectronic 20D, USA). Absorbance was read at 645 and 663 nm for chlorophyll b and chlorophyll a , respectively. The absorption coefficient concentrations of chlorophyll were calculated using the following equations (Abida and Harikrishna 2010 
Relative water content (RWC)
Initially, the fresh weight of the desert plant leaves from each species was recorded. The leaves were immersed in water overnight, blotted dry the next day and turgid weight obtained. The leaves were dried in an oven at 70°C, and the dry weight recorded (Rahimi et al. 2010 ).
pH of leaf extract
Leaves (5 g) were homogenized in 50 ml deionized water and filtered. The pH of the extract was recorded using a bench top pH meter (Mettler Toledo).
Ascorbic acid content (AA) and air pollution tolerance index (APTI)
Fresh leaves (1 g) from each sample were treated with oxalic acid-EDTA, orthophosphoric acid, sulfuric acid, ammonium molybdate and deionized water (Smirnoff 1996) . The solution was left undisturbed, and the absorption observed at 760 nm using a spectrophotometer (Yoon et al. 2006) . Using the following equation, air pollution tolerance index (APTI) was calculated: (Seyyednejad and Koochak 2013) . The soil samples were completely predigested by adding 1 ml of hydrofluoric acid (v/v) in addition to 8 % of concentrated nitric acid overnight. Individually, samples were digested in an automatic microwave digester (Ethos 1, Milestone, Italy, Inc) and diluted with deionized distilled water. The digested sample was measured for trace metals in the ICP-MS. Quality assurance was followed using appropriate blanks, replicates and ICP-MS standards to test the precision of the instrument, repeatability and reproducibility of the analysis. Samples that showed [98 % recovery of trace metals concentrations in particulates, desert plants and soil with that of the urban particulate dust (SRM1648a), orchard leaves (SRM-1571) and Montana soil (SRM-2711 from NIST, USA), respectively, from National Institute of Standard Technology (NIST, USA) were alone considered for data analysis. Samples were also statistically validated using SPSS-19 software to validate the hypothesis and significance of the results.
Translocation (TF) and bioaccumulation (BAF) factors in the desert plant species
Trace metals translocation (TF) in the selected desert plants from root to shoot was calculated using the following equation:
wherein 'C st and C rt ' are the metal concentrations (lg g -1 ) in the shoot and root, respectively. Calculations that showed TF \ 1, TF = 1 and TF [ 1 were classified as plants with 'low translocation,' 'moderate translocation' and 'effective translocation,' from the root to the shoot of any given plant, respectively (Baker and Brooks 1989) . Likewise, Ma et al. (2001) classification of trace metals bioaccumulation factor, namely BAF [ 1, BAF = 1 and BAF \ 1 as hyper-accumulators, accumulator and excluder of trace metals, respectively, in these plants was used to calculate the ratio of trace metals concentration in the aerial parts of the plants to that of the soil.
Results and discussion
Site-wise observations (Fig. 1a-d) revealed an evenly distributed pattern of trace metals in particulates within a given season, but showed variations between the winter and summer seasons (Fig. 2) . This was due to the low barometric pressure, altitude and wind action in this region besides the influence of emissions from small-scale industries. Particulate dispersion in G4 site was observed high with increasing air flow and air velocity when compared with the dispersion in the other sampled sites. Reasons attributed to the wind direction, influence of open sites of G6 causing particulate dispersion in the G4 sites besides the influence of human activities. This phenomenon was in contrary to the other sites as well as to that of the earlier studies of Zhuang et al. two seasons (Fig. 3) . High trace metals concentrations in G6 and G4 attributed to the influence of air pollutants from the oil wells, industries and human activities in comparison with pollutant levels from the other sites. Earlier studies (Reem et al. 2010; Rahimi et al. 2010; Seyyednejad and Koochak 2013) showed such observations with organic constituents. Seasonal-wise analysis revealed high particulate dispersion during summer than in winter. This was due to the influence of frequent dust storm causing high particulate dispersion during summer. The reverse phenomenon was observed in the case of trace metal composition during winter due to the effect of precipitate that makes the particulates dense and combines with other organic compounds causing the rise in elemental composition (Fig. 4) . (Fig. 5) . Low chlorophyll content in the leaves of Tribulus terrestris attributes to the low number of chloroplast cell distribution and minimal surface area when compared to the other plants. The reverse characteristic features were noticed in R. vesicarius and hence the high chlorophyll content in such plants.
The relative water content was high in P. oleracea and C. collocynthis followed by the other desert plants (Fig. 5) . The high relative content in the leaves of these desert plants attributes to the water absorption capabilities of the soil and the extent of stomata constraints stresses in the desert ecosystem. This was found in line with the earlier studies (Ninave et al. 2001; Smirnoff 1996; Seyyednejad and Koochak 2013) .
pH ranged between 5.85 and 8.15 among the sampled plants. Comparatively, pH was higher in C. gigantean and P. oleracea than the other species (Fig. 5) . Among the six selected desert plants, high ascorbic acid content was observed in C. gigantean than the other species. High ascorbic acid content in C. gigantean labeled this plant as intermediary tolerant and sensitive species to air pollutants. Innumerable leaves on these plants and the influence of photosynthetic activity were found to increase the ascorbic acid concentrations in their chloroplasts, thus supporting the earlier views (Liu and Ding 2008; Jyothi and Jaya 2010; Cheng et al. 2007; Cyren et al. 2011) .
Observation revealed high air pollution tolerance index (APTI) in the sequence of C. gigantean (Fig. 5) . APTI [ 10 in C. gigantean indicated the high tolerance to air pollution. This was probably due to the interaction of biochemical parameters in their aerial parts when compared to the APTI values in the other sampled desert plants and irrespective of site specificity. This suggests that C. gigantean could be used to ameliorate air pollution. Except C. gigantean, the APTI \ 10 in the five selected desert plants indicated their sensitivity to air pollution. Similar results were observed by earlier investigators (Smirnoff 1996; Joshi and Swami 2007; Rahimi et al. 2010) . In the present study, the influence of environmental variables (high wind velocity, high temperature and low humidity), and frequent dust storms, besides the effect of precipitation, was validated by high ATPI in winter than in the summer seasons.
In an overall view, trace metals concentrations were found higher in the six desert plant parts during the winter than in the summer season (Fig. 6 ). This could be attributed to the low photosynthetic activities when compared to their activities during the summer season. Species-wise analysis revealed high metal concentrations in P. oler- Wang et al. (2004 ), Youn-Joo (2004 , Abida and Harikrishna (2010) , Cyren et al. (2011) and Bu-Olayan and Thomas (2014) . High trace metals concentrations in these plants were noted in the sequence of , respectively (Figs. 6, 7) . The influence of oil pollution, automobile emission and high commercial activities was found to cause such high metals concentrations in the six desert plants. This sequence of high trace metals concentrations was observed by Fismes et al. (2002) , Ma et al. (2001) , Keane et al. (2001) and Jyothi and Jaya (2010) but with different plants, thus indicating the necessity of trace metals pollution remediation in sites of divergent human activities.
Trace metals concentrations in the soil were higher in the sites G6 [ G4 [ G3 [ G2 [ G5 [ G1 during winter than in the summer (Figs. 3, 4) . Reasons may be attributed to the soil characteristics, anthropogenic sources and meteorological variables interaction. Plants that absorbed trace metals from the soil sites, G6 and G4, are attributed to the impact of the high trace metals concentrations from such sources. Furthermore, the analysis of trace metals concentrations in soil led to quantify the metals, transportation ratio in the selected plants using translocation (TF) and bioaccumulation factors (BAF). TF was [1 in all the samples irrespective of the six sites and the season-wise analyses (Fig. 8) . The translocation (TF) and bioaccumulation (BAF) factors in the selected desert plants were found high when compared to the earlier findings of Conti et al. (2004) , Ukpebor et al. (2010) and Reinier et al. (2011) . In this study, TF [ 1 suggested a definite pollutant transporting mechanism from the roots to the shoot of plants as described by Fismes et al. (2002) , Yu-Hong et al. (2010) and Takanori and Naoko (2012) . The TF values in the present study were found comparatively higher than the TF values observed by the earlier investigators.
BAF was [1 in all the samples during winter except with variations of BAF B 1 in C. gigantean, T. terrestris and P. oleracea during the summer season. This also indicated the accumulation and non-utility of nonessential trace metals such as Hg, As, Se and Cr in the aerial plant parts above the ground level (BAF-AGL). Comparatively, BAF in the aerial parts of the plants (BAF-AGL) was higher than the BAF in their roots found below the ground level (BAF-BGL) (Fig. 8) . BAF \ 1 in T. terrestris, R. vesicarius and P. oleracea during summer attributes to the absorption and assimilation of essential metals-Fe, Mg, Cd and Mo from their roots (BAF-BGL) of these plants (Fig. 8) . Conti et al. (2004 ), Youn-Joo (2004 and, Ukpebor et al. (2010) indicated the accumulation of pollutants through the plant leaves during the photosynthetic process than the stem and root that facilitated the absorption and transportation of water and nutrients. ANOVA tests showed significant differences between the metals-wise, season-wise and sites-wise variations of trace metals and the three particulate sizes, soil, desert plants besides their significance to TF, BAF and ATPI values (Tables 1, 2) . 
